Introduction {#Sec1}
============

Migraine has a significant and debilitating impact on physical, social, and occupational functioning. In 2016, it was ranked the first cause of disability worldwide in both men and women under the age of 50 years highlighting the lack of effective disease management \[[@CR1], [@CR2]\].

Migraine is classified into episodic (EM) or chronic (CM) according to monthly migraine days. However, this classification is not unambiguous, and fluctuations between the two categories are evident from longitudinal studies \[[@CR3]\]. Regardless of monthly migraine days, chronification of migraine is associated with substantially increasing individual and social burden. The burden of migraine has been elucidated in multiple surveys and studies \[[@CR4]--[@CR12]\] and recently Silberstein et al. showed that disease disability, health care resource use (HCRU), and direct costs increase concomitantly with increasing number of headache days \[[@CR13]\]. Moreover, it has been established that the migraine burden builds up by increasing number of additional comorbidities such as psychiatric disorders, medication overuse, obesity, and respiratory and cardiovascular diseases \[[@CR14]--[@CR17]\]. It is known that e.g. depression and anxiety, as comorbidities among migraine patients, increase both direct and indirect costs \[[@CR16], [@CR18], [@CR19]\].

Migraine is variably managed with acute (anti-inflammatory analgesics and triptans) and if needed with prophylactic (beta-blockers, tricyclics, candesartan and antiepileptics) treatment options \[[@CR16], [@CR20]\]. None of the current prophylactic treatments have originally been developed for migraine, and their specific mechanisms of action in migraine are not known. In a systematic review, adverse events were identified as the most common reason for treatment discontinuation \[[@CR21]\]. In another study, up to 88% on prophylactic treatment reported lack of efficacy as the reason for treatment switch \[[@CR22]\]. It is evident that adherence and persistence to current migraine prophylaxis is not optimal. The attention has recently thus turned into revealing the true impact of migraine disease burden also for patients in the need or failing prophylactic treatments \[[@CR5], [@CR23]\].

Several surveys and studies have been conducted on the burden of migraine, and some of them also using data from Finland \[[@CR4], [@CR24], [@CR25]\]. However, studies on large register based data collected as part of clinical routine care are lacking. The main aim of the present study was to examine the burden of migraine and evaluate HCRU, sick-leaves and comorbidities among migraine patients compared to a control population in occupational health care setting.

Methods {#Sec2}
=======

Electronic medical records (EMR) of a private health care provider Terveystalo were utilized in this retrospective register-based study. Patients who had given a written informed consent using occupational health care at Terveystalo (*N* = 369,383) were included (Fig. [1](#Fig1){ref-type="fig"}). The EMRs included diagnoses, visits, procedures, prescriptions, laboratory measures, and demographical characteristics. The data available covers outpatient care. Altogether, 17,623 of the patients had migraine according to ICD-10 code (G43\*, on a three-character level) and were included in the primary cohort. All more detailed ICD-10 codes e.g. G43.5 were included to the three-character G43\* level. To assess plausibly misdiagnosed migraine, patients were further included to an extended cohort based one of the following criteria: inclusion to the primary cohort (G43\*) or a prescription with the word migraine in the drug prescription text, or prescribed triptan medication (*N* = 23,339, Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Study cohort formation

The inclusion period to the study and for the follow-up of patients started 1st Jan 2012 and ended 31st December 2017. Each patient was followed from the first G43\* diagnosis in the EMR, or from the first fulfilment for any of the criteria for the extended cohort, until 31st December 2017.

Patients in the primary cohort were divided into groups based on medication prescribed at the health care provider. The following ATC classes were considered acute: M01-N02BE, N02CA, N02CC, A03FA, A04AA01, H02AB; and prophylactic: C07--09, N03, N06, G02--03, M03AX01 treatments. For both acute and prophylactic prescriptions, the migraine word in the free text of the prescription was required, since the same drugs can be prescribed for other illnesses as well. The division of patients to acute and prophylactic groups was validated by a neurologist. Botulinum toxin A is only indicated for CM in Finland, and these patients represent a confirmed CM population.

Controls {#Sec3}
--------

A one-to-one, age and gender matched control population without migraine was created. For each migraine patient a control patient was randomly chosen based on gender and birth date from the database. No subjects were chosen twice for the control group (controls: *N* = 17,623, 76,804 patient-years, average age 38.9 years, 78.9% female; Primary cohort: N = 17,623, 51,396 patient-years, average age 38.9 years, 78.9% female). Controls were used as reference for comorbidity estimations, overall sick leaves and visits.

Prevalence {#Sec4}
----------

In the health care provider's register on 31st December 2017, the point prevalence for migraine was calculated by gender in 5-year age groups in the primary and extended cohorts. The consented occupational health care population was used as denominator for the calculation of prevalence.

Treatment lines {#Sec5}
---------------

A new treatment line was defined as a new unique prophylactic prescription in the health care provider's register. Treatment lines were assessed for those with prophylactic prescriptions (later referred to as treatment lines). In addition to the word migraine in the free text of the prescription, a G43\* diagnosis was required for the analyses. For a full list of prophylactic treatment lines see [Appendix 1](#Sec16){ref-type="sec"}. For a list of acute migraine medication, see [Appendix 2](#Sec17){ref-type="sec"}.

Health care resource utilization and sick leave days {#Sec6}
----------------------------------------------------

Health care resource utilization (HCRU) consisted of both total as well as disease specific visits, and these were tracked separately. For disease specific visits G43\* was required as a diagnosis for the visit. All-cause and migraine related values present the minimum and maximum of the HCRU in migraine patients, and most likely the true disease-related HCRU is somewhere in between.

All HCRU data is presented as the absolute value, per patient (cumulative number of events/number of patients), and per patient-year (cumulative number of events/cumulative follow-up). Hence, data in patient-years is adjusted for differences in follow-up, that otherwise would bias those with long follow-up to likely have more HCRU.

Quartiles of HCRU and sick leaves {#Sec7}
---------------------------------

To assess the impact of migraine in subjects with high HCRU, migraine patients were divided into quartiles based on either overall visits or sick-leaves in patient-years. For each patient, the total number of visits and sick-leave days were defined and divided by the total patient-wise follow-up time, where after the cohort was divided into quartiles. Patients with less than 6 months of follow-up were excluded from these analyses. Patients in each quartile were characterized as previously, and the corresponding cut-off values for per patient-year estimate for visits and sick leave days were reported.

Comorbidities {#Sec8}
-------------

The frequency of comorbidities was assessed at the end of follow-up from ICD-10 codes, in the subgroups and per prophylactic treatment line. Of special interest were depression (F32 single episode, F33 recurrent) and anxiety (F41). The other comorbidities were selected based on highest frequency in the data. A table of the frequency of comorbidities in controls and the primary cohort is presented in [Appendix 3](#Sec18){ref-type="sec"}.

Statistical methods {#Sec9}
-------------------

For categorical variables Chi square test was used to test for differences in frequencies (quartiles and comorbidities). For continuous variables (age, HCRU, and follow-up time) Kruskal Wallis test was used to evaluate differences between groups. Otherwise data is descriptive in nature.

Results {#Sec10}
=======

In the 369,383 individuals with occupational health care data, the overall migraine prevalence was 4.8% in the primary cohort and 6.3% in the extended cohort. Migraine was more frequent in females vs. males (7.4% vs. 2.1%) in the primary cohort, and 9.7% vs. 2.8% correspondingly in the extended cohort. The prevalence of migraine increased between the age of 15 and 20 stabilizing at 8--9% in females and 2.5% in males of the primary cohort and at 10--13% in females and 3.5% in males of the extended cohort in those between 25 and 44 years (Fig. [2](#Fig2){ref-type="fig"}). The median age for the first migraine code was 39 years, and 79% of migraineurs were female (Table [1](#Tab1){ref-type="table"}). Migraine with aura was the most common migraine sub-diagnosis code in 2526 persons (14.3%) of the primary cohort.Fig. 2Prevalence of migraine by age group and gender in the occupational health care register. Migraine was defined as a person having G43\*at least once (primary cohort, bars), or one of the following: G43\*, triptan prescription, any prescription with migraine in the text field (=ext., extended cohort, lines). Female patients (grey), male patients (black)Table 1Baseline characteristics of consented patients with migraine in the occupational health care registerPrimary cohort subgroupsFailed prophylactic treatments at TTBotoxG43, primary cohortProphylacticAcuteNo prescriptionp012≥3pFollow-up time, median (min-max)2.84 (0.09--6.00)3.21 (0.11--6.00)2.49 (0.09--6.00)3.05 (0.09--6.00)\< 0.0012.78 (0.09--6.00)3.09 (0.11--6.00)3.79 (0.13--6.00)4.28 (0.36--6.00)\< 0.0012.83 (0.09--6.00)N17,623219965258899\< 0.00115,424176733498\< 0.00153Female, %78.9%81.7%80.5%77.0%\< 0.00178.5%81.1%84.4%83.7%0.00283.0%Age, mean39 (15--77)41 (15--70)38 (15--77)38 (15--75)\< 0.00138 (15--77)41 (15--70)41 (17--68)41 (21--61)\< 0.00139 (20--68)Prohpylactic prescription, n (%)2199 (12.5)2199 (100)------1767 (100)334 (100)98 (100)53 (100)Acute prescription only, n (%)6525 (37)--6525 (100)--6525 (42.3)--------No prescription, n (%)8899 (50.5)----8899 (100)8899 (57.7)--------Prophylactic treatment lines0, n (%)15,424 (87.5)--6525 (100)8899 (100)15,424 (100)--------1st, n (%)1767 (10.0)1767 (80.4)------1767 (100)----14 (26.4)2nd^,^ n (%)334 (1.9)334 (15.2)--------334 (100)--18 (34.0)3rd, n (%)98 (0.6)98 (4.5)----------98 (100)21 (39.6)Botulinum toxin A, n (%)53 (0.3)53 (0.3)------------53 (100)

Treatments {#Sec11}
----------

Only acute migraine drugs were prescribed to 6525 (37%) patients, and at least one prophylactic prescription to 2199 (13%) patients. Moreover, 8899 (51%) individuals with migraine, lacked migraine-related prescriptions in the register (Fig. [1](#Fig1){ref-type="fig"}).

Treatment lines were assessed among those with prophylactic prescriptions (Fig. [1](#Fig1){ref-type="fig"}). Ninety-eight migraineurs had three or more prophylactic prescriptions, and 53 persons were on botulinum toxin treatment. Patients on prophylaxis were on average 2 years older than those without prophylaxis and the proportion of female gender increased by treatment line (Table [1](#Tab1){ref-type="table"}).

The most common first line prophylactic prescriptions were candesartan (27.4%), followed by amitriptyline (22.1%) and the beta-blockers (cumulative prevalence 27.4%: bisoprolol, propranolol and metoprolol). Second line prophylactic treatments echoed in frequency those of the first line, however topiramate (1st vs. 2nd line: 3.7 vs. 8.1%), nortriptyline (3.6 vs. 6.3%) and nebivolol (1.7 vs. 2.8%) prescriptions were increased ([Appendix 1](#Sec16){ref-type="sec"}).

Health care resource utilization and sick leave days {#Sec12}
----------------------------------------------------

Migraine specific and all-cause visits as well as sick leave days were assessed. Patients from the primary cohort with a prophylactic migraine prescription had more visits than those with acute prescriptions or no prescriptions (Table [2](#Tab2){ref-type="table"}, Fig. [3](#Fig3){ref-type="fig"}). This was reflected both in total visits (prophylactic vs. acute vs. no prescription: 18.4 vs. 15.0 vs. 12.9 visits per patient-year, *p* \< 0.001) and migraine specific visits (2.4 vs. 1.3 vs. 0.8 per patient-year, *p* \< 0.001), as well as in total sick leave days (22.5 vs. 17.4 vs. 16.4 per patient-year, *p* \< 0.001) and migraine specific sick leave days (2.1 vs. 0.7. vs. 0.5 per patient-year, *p* \< 0.001), (Table [2](#Tab2){ref-type="table"} and Fig. [3](#Fig3){ref-type="fig"}). Notably, overall visits in the control population compared to the primary cohort were 8.5 vs. 14.4 (*p* \< 0.001) and overall sick leave days 9.7 vs. 17.6 (*p* \< 0.001) per patient-year (Table [2](#Tab2){ref-type="table"}).Table 2Total and disease specific visits and sick-leave days of migraine patients and controlsHCRU and sick leavesControlG43\*, prim. cohort^1^G43\*, primary cohortProphylacticAcuteNo prescr.^2^BT treatedBT untreated^3^Prophylactic treatment line^4^012≥3N17,62317,6232199652588995317,57015,424176733498Patient-years76,80451,397703317,40826,95521251,18444,36354351209390Average follow-up time per patient (years)4.42.83.22.73.04.012.912.93.13.64.0Visits total649,362739,803129,616261,872348315\*6480733323\*610,18796,24123,15310222\* per patient36.942.0\*58.940.139.1\*122.341.7\*39.654.569.3104.3\* per patient-year8.514.4\*18.415.012.9\*30.514.3\*13.817.719.226.2\*G43\* visits total59,93716,66723,01320257\*186258075\*43,27010,59737292341\* per patient3.47.63.52.3\*35.13.3\*2.8611.223.9\* per patient-year1.22.41.30.8\*8.81.1\*1.02.03.16.0\*Sick leave days total742,162902,454158,092302,586441776\*7845894609\*744,362117,20729,02611859\* per patient42.151.2\*71.946.449.6\*148.050.9\*48.366.386.9121.0\* per patient-year9.717.6\*22.517.416.4\*37.017.5\*16.821.624.030.4\*G43\* sick leave days total40,43214,47612,38413572\*252937903\*25,956826536132598\* per patient2.36.61.91.5\*47.72.2\*1.74.710.826.5\* per patient-year0.82.10.70.5\*11.90.7\*0.61.53.06.7\*Sick leave periods total126,81619,58345,80061433\*907125909\*107,23314,57635511456\* per patient7.28.97.06.9\*17.17.2\*7.08.310.614.9\* per patient-year2.52.82.62.3\*4.32.5\*2.42.72.93.7\*G43 sick leave periods total12,362277647544832\*26012102\*95861750626400\* per patient0.71.50.70.5\*4.90.7\*0.61.01.94.1\* per patient-year0.200.390.270.18 \*1.220.24\*0.220.320.521.03\**BT* botulinum toxin; Significance indicated between 1: controls and G43\* primary cohort; 2: prophylactic, acute and no migraine prescription groups; 3: Botulinum toxin treated and untreated patients; 4: between prophylactic treatment lines\**p* \< 0.001Fig. 3**a** Overall and disease specific (G43\*) visits and sick leave days per patient-year in controls (white) and the primary cohort \[no prescriptions (grey), acute prescriptions (dark grey), prophylactic prescriptions (black)\]. Significance in indicated between controls and migraine patients, as well as between migraine groups. **b** Overall and migraine specific visits and sick leave days per patient-year by prophylactic treatment line. No prophylactic prescriptions (white); 1st prophylactic treatment line (light grey); 2nd prophylactic treatment line (dark grey); 3rd or more treatment line (black). Significance is indicated between four groups. \**p* \< 0.001

Botulinum toxin A treatment was associated with 7.8 times more migraine related visits compared to the rest of the primary cohort (*p* \< 0.001, Table [2](#Tab2){ref-type="table"}). Also, a 2.1-fold increase in migraine related sick leave days was found in subject with botulinum toxin prescriptions. Notably, these persons were annually on sick leave 37 days per patient-year and visited the health care provider every twelfth day (31 times per patient-year), indicating an increase in total morbidity associated with chronic migraine treated with botulinum toxin A (Table [2](#Tab2){ref-type="table"}).

An increase in prophylactic treatment lines was associated with an increase in overall visits (no prophylactic prescriptions, vs. ≥3 prophylactic treatments: 13.8 vs. 26.2 visits per patient-year) as well as disease specific visits (no prophylactic prescriptions vs. ≥3 prophylactic treatments: 1.0 vs. 6.0 visits per patient-year), Table [2](#Tab2){ref-type="table"} and Fig. [3](#Fig3){ref-type="fig"}. A comparable increase in sick-leave days was observed: overall sick leave days (no prophylactic prescriptions, vs. ≥3 prophylactic treatments: 16.8 vs. 30.4 sick leave days per patient-year) and disease specific sick leave days (no prophylactic prescriptions, vs. ≥3 prophylactic treatments: 0.6 vs. 6.7 per patient-year). Sick leave periods followed the same pattern (Table [2](#Tab2){ref-type="table"}).

To explore the impact of migraine on overall visits and sick leave days, patients were stratified to quartiles. A shift in prescriptions towards prophylaxis and an increase in prophylactic treatment lines was associated with an increase in overall visits. Notably, of those with \> 19.8 visits per patient-year (q4), 20% were on prophylaxis compared to 7.3% of those with less than 7.0 visits per patient-year (q1, [Appendix 4](#Sec19){ref-type="sec"}). Overall sick-leave days showed a similar increase of prophylactic medication increasing by each quartile of sick-leave days. In those with \> 19.9 sick-leave days per patient-year (q4), 16% of patients were on prophylaxis, whereas in patients with less than 1.9 sick-leave days per patient-year (q1) 11% were on prophylaxis ([Appendix 5](#Sec20){ref-type="sec"}).

Comorbidities {#Sec13}
-------------

Those with prophylactic prescriptions had a 1.4-fold increase in the frequency of depression compared to migraineurs with acute prescriptions (F32: 12.5% vs. 17.1%, *p* \< 0.001; F33: 4.2% vs. 5.9%, *p* \< 0.05). Similarly, 1.3-fold increase of anxiety (F41: 16.8% vs. 18.8%, *p* \< 0.001), and 1.2-fold increase in sleep disorders (F51) was observed in patients on prophylaxis (Fig. [4](#Fig4){ref-type="fig"}). In the controls these comorbidities were less frequent, 7% had a single episode of depression (F32), 2% recurrent depression (F33), 8% anxiety (F41), and 8.8% sleep disorders (F51) (Fig. [4](#Fig4){ref-type="fig"}). Notably, all comorbidities were 1.4--2.0-fold more frequent in migraine patients compared to controls and the difference was more pronounced in those with prophylactic prescriptions (Fig. [4](#Fig4){ref-type="fig"}).Fig. 4**a** The frequency of comorbidities in controls (white) and patients with migraine (G43\*) according to prescriptions of migraine medications \[no prescription (light grey), acute (dark grey), prophylactic prescriptions (black)\]. Significance is indicated between controls and migraine patients, as well as between migraine groups. **b** Comorbidities by prophylactic treatment line \[no prophylactic prescriptions (white); 1st prophylactic treatment line (light grey); 2nd prophylactic treatment line (dark grey); 3rd or more treatment line (black)\]. Significance is indicated between four groups. \**p* \< 0.001; † \< 0.005. F32 -- depression single episode; F33 -- depression recurrent; F41 -- anxiety; F43- stress reaction; F51 -- sleep disorder; J01- sinusitis; J06 -- upper respiratory infections; J20 -- bronchitis; M53 -- dorsopathy; M54 dorsalgia

There was a positive association between treatment lines and the frequency of comorbidities. Among migraineurs with prophylactic prescriptions, single episode depression (F32) increased in those with no prophylactic prescriptions vs. 3rd prophylactic treatment line from 12.4% to 30.6%; depression recurrent episodes (F33) from 4.6% to 28.6%; and anxiety (F41) from 13.6% to 28.6%, see Fig. [4](#Fig4){ref-type="fig"}. A similar trend was also observed for other comorbidities.

Discussion {#Sec14}
==========

In this extensive registry-based retrospective study using EMRs of Finland's largest private occupational health care provider, 17,623 migraine patients with G43-diagnosis were identified. In this data migraine was associated with substantial morbidity evident as increased comorbidities, as well as increased health care visits and sick leave days when compared to controls. The burden of disease also increased with each additional prophylactic treatment line. The results are aligned with previous studies investigating migraine and indicate that the burden of migraine can be detected in EMRs collected as a part of routine clinical practice.

Treatment unresponsive or refractory migraine, detected as increased numbers of prescribed prophylactic treatments, was associated with up to 3.1-fold increase in all-cause sick leaves and visits compared to controls. Migraineurs on prophylactic treatment were on average on sick leave 22 days annually whereas patients on botulinum toxin A for an average of 37 days annually. The corresponding number of sick-leave days was only ten for the control group, highlighting the increased burden associated with migraine, as lack of migraine was the main difference between these groups. The reason for prophylactic medication switches may in addition to treatment unresponsiveness have been caused by adverse events. The possibility of add-on therapies due to lack of efficacy can neither be excluded.

Directly migraine-related visits and official sick-leave days only present a minor part of true disease burden and are in line with previous findings. In the Eurolight study, the annual per person cost of migraine-related absenteeism was 371€ \[[@CR26]\], which would correspond to approximately 2 days of sick leave in Finland. Similar annual migraine related absenteeism days were found in a longitudinal survey in the US \[[@CR27]\]. In our study, botulinum toxin treatment was associated with 11.9 migraine related sick-leave days per patient-year, also in line with approximately 10 days previously reported \[[@CR27]\]. However, the effect of prophylactic treatment lines on disease burden has been poorly investigated and the incremental increase of all-cause sick-leaves and visits per additional prophylactic treatment line, underlines that migraine related disease burden cannot solely be assessed by migraine related visits or sick-leaves, but should be considered in a larger perspective. Moreover, this study also investigated the migraine burden per se compared to age and gender matched controls, where all-cause sick-leaves were 1.8 and visits 1.7 more frequent in the migraine population than in the controls per patient-year.

The increase in comorbidities for migraine patients when compared to controls highlights an increased morbidity in this group. This was further supported by the positive correlation of treatments lines and frequency of comorbidities. In patients with 3 or more prophylactic treatments, a mental disorder such as major depressive disorder or anxiety, was diagnosed in every third person. This contrasts with controls where depression was diagnosed in every 14th (7%) person and anxiety in every 13th (8%) person.

The previously reported frequency of comorbidities varies partly because of methodological aspects. In chronic migraine up to 57% of patients were detected to have major depression and 8% anxiety when screened in a clinic-based study \[[@CR28]\]. Also, an increase of prophylactic medication in subjects with migraine and depression, compared to migraine alone, has been described even though prophylactic treatment lines were not assessed \[[@CR29]\]. Depression and migraine are bidirectionally associated, with both illnesses adding to the risk of developing the other \[[@CR30]\]. Common neurological etiology is also shared between migraine, depression and sleep disorders \[[@CR31]\], which in addition to reaction to severe stress and dorsopathies, were more frequent in patients with migraine compared to controls.

Migraine has been one of the top five leading causes for years lived with disability (YLD) globally since 1990, highlighting the unmet need of more effective migraine management \[[@CR2]\]. This was also seen in our study in the concomitant increase between prophylactic treatment lines and absenteeism, visits as well as comorbidity. Multimorbidity is known to influence the overall disease burden due to polypharmacy, reduced quality of life, increased disability and mortality as well as increased HCRU. Multimorbidity is thought to include 2--3 or more simultaneous conditions and has been described in chronic migraine \[[@CR32]\]. The higher frequency of depression and anxiety, accompanied by the seven most common comorbidities in migraine patients in the study, points at the possibility of notable existence of multimorbidity also in less severe migraine patients. Moreover, efficient treatment of migraine including psychiatric comorbidities such as depression is considered essential in avoiding migraine chronification \[[@CR14]\].

Diagnosing people with migraine is important in the light of making optimal treatment decisions and to positively influence the disease burden. According to previous mostly survey- based prevalence studies, about 9.6--15% among the general population suffer from migraine \[[@CR25], [@CR33]--[@CR35]\]. Therefore, the total migraine prevalence of 4.8--6.3% among people in occupational health care reported here would seem very conservative, especially when considering the well-known age-dependence in migraine prevalence \[[@CR36]\]. However, it must be noted that the prevalence has been extracted from EMRs, collected as a part of routine clinical care plausibly explaining the lower numbers \[[@CR37]\]. The prevalence for female were 7.4--9.7% and for male 2.1--2.8% with a gender ratio of 3.5. These estimates are similar to the ones previously found \[[@CR24], [@CR36]\]. Also, some selection bias may be seen in the prevalence figures due to the restriction of analyses to those with occupational health care, leaving unemployed, students and those incapacitated to work outside of the study. In addition, some patients with milder forms of migraine may have been excluded due to lack of diagnosis or need for intensified medical management.

Survey-based studies further show that up to 44% of migraine patients never receive a medical diagnosis \[[@CR34], [@CR38]\], and thus approximately half of the patients could be expected to have migraine diagnosis recorded in EMR. Moreover, of patients with a clinical diagnosis of primary non-migraine headache, 43% were reassessed in a study to have migraine based on longitudinal follow-up data \[[@CR39]\]. We also found that approximately 5700 or 24% of patients were likely misdiagnosed lacking a migraine ICD-10 code even if they were prescribed triptans or other migraine-relevant medications in combination with migraine written in the free text field of the prescription.

This study included some limitations. Patients were divided into subgroups and treatment lines based on prescribed medication at the health care provider. It cannot be excluded that the subjects may have visited other health care instances for migraine care i.e. public hospitals for ER visits, and migraineurs may have additionally utilized over the counter drugs that are not included in any register. Yet, the restriction of the study cohort to those with occupational health care was done to minimize this bias, and to be able to assess the disease burden affecting working population in Finland. The prophylactic cohort was extracted based on strict search criteria, and it is likely that some patients with G43 diagnosis and prescriptions with the chosen prophylactic treatment ATC-codes without migraine in the free text field may have been on migraine prevention. Based on this, the true prophylaxis prevalence is likely more than the detected 13% in our study. On the other hand, the proportions of prescriptions for migraine detected here do not appear low when compared to the recent estimates from the Eurolight study \[[@CR40]\]. Moreover, monthly migraine days are not routinely recorded in the EMR or included in ICD-10, and thus the separation of migraine into EM and CM was not possible in this study. Therefore, patients on botulinum toxin A were the only confirmed CM patients.

It is also noteworthy that migraine and all-cause related absenteeism is underestimated in this study. First, short 1--3-day absences can be reported with self-notice and do not end-up in the occupational health care records that were examined in this study. Secondly, sick-leaves are linked to diagnosis in the EMR only when a patient sees a health care professional at the provider. It has been estimated that absenteeism is only responsible for one third of migraine-related indirect costs and presenteeism is thought to account for the rest two thirds \[[@CR26]\]. Estimations of presenteeism were not included in this study. Further studies are warranted to elucidate whether self-notice absenteeism and presenteeism correlate with the increased disease burden detected here.

Strengths of the study were that data was gathered in a real-world setting without strict inclusion/exclusion criteria, and the ability to put the disease burden into perspective when compared to those not suffering from migraine. The study included EMRs of the Finland's largest private occupational health care provider having more than 150 clinics across the country. As occupational health care must be provided by the employer according to the Finnish law, there is also no selection of members due to societal status or position from the health care provider. Further, the study examined true clinical data and is not claims based. As headache diaries are not included in EMRs, the lack of successful migraine management and more severe disease was estimated through history of one or more prophylactic treatment failures for migraine prevention.

The study uniquely combines prescriptions, comorbidities and absenteeism in patients able to work and controls to assess the impact of failed treatments on increasing disease burden. It is possible that failed treatments leading to increased disease burden may reflect chronification of migraine. Another interesting aspect in the future would be to evaluate the impact of successful migraine prevention on disease burden. There has been at least one study showing a potential concomitant positive influence on depression and anxiety when chronic migraine was treated with botulinum toxin A \[[@CR17], [@CR41]\].

Conclusions {#Sec15}
===========

This study provided new evidence on the disease burden of migraine from EMRs collected as a part of routine clinical care in Finland and complements the extensive evidence mostly from survey-based studies. In this study, migraine patients show a substantially higher extent of comorbidities, sick-leave days and health care visits compared to their age- and gender-matched counterparts. Moreover, the increased disease burden was not directly linked to G43-diagnosis but was rather detected via other diagnostic codes potentially reflecting other migraine-related comorbidity. This study highlights the need to more effectively manage migraine to avoid detrimental effects on health and quality of life that are associated with treatment unresponsive or undertreated migraine. Unresponsive or undertreated migraine, evidenced by an increase in failed treatment lines, increases morbidity and inevitably leads to productivity losses that pose an increased burden on the health care system and society.

Appendix 1 {#Sec16}
==========

Table 3Prophylactic treatment lines of patients with G43\*diagnosis and the word migraine in the free text of a prophylactic migraine prescription. A new treatment line was defined as a new drug prescriptionProphylactic treatment linesPrescr, by neurologist\
(%)1\
(%)2\
(%)3\
(%)4\
(%)5\
(%)6\
(%)7\
(%)ATCDrug name*N* = 219943298281021C09CA06Candesartan27.3823.6121.437.1420.0022N06AA09Amitriptyline22.0616.9014.293.5710.0017C07AB07Bisoprolol15.7310.1910.203.5715C07AA05Propranolol6.824.174.0814.2930.0017C07AB02Metoprolol4.914.865.107.146N06CA01Amitriptyline and psycholeptics4.683.474.087.1450.0047N03AX11Topiramate3.738.107.147.1420.0010041N06AA10Nortriptyline3.556.254.0842C07AB12Nebivolol1.682.781.023.5722M03AX01Botulinum toxin1.053.7011.227.1410.0064C08DA01Verapamil1.051.623.5723N03AX09Lamotrigine0.860.933.0650N03AG01Valproic acid0.823.701.027.1450.0058C09CA01Losartan0.821.621.024C09CA08Olmesartan medoxomil0.641.161.0280N03AX12Gabapentine0.501.162.0456C09CA07Telmisartan0.450.239G03CA03Estradiol0.360.230N06AA12Doxepin0.320.693.5764N03AX16Pregabaline0.270.6911C07AB03Atenolol0.2340N06AA06Trimipramine0.180.231.0267G03 AC09Desogestrel0.180.233.570N06AX21Duloxetine0.140.691.0229N06AX16Venlafaxine0.140.233.57100G02BA03Plastic IUD with progestogen0.141.0210.000C09DA06Candesartan and diuretic0.090.233.570C08CA06Nimodipine0.090.23100C08CA05Nifedipine0.091.023.570C08CA01Amlodipine0.090C07BB07Bisoprolol and thiazides0.090N06AB10Escitalopram0.0950G03AA12Drospirenone ja ethinyliestradiol0.050.690C08DB01Diltiazem0.050.230G03HB01Cyproterone and estrogen0.050.230N03AE01Clonazepam0.051.0250C07AB05Betaxolol0.050C07AA03Pindolol0.050N06AX11Mirtazapine0.050N06AX22Agomelatine0.050G03AA14Nomegestrol and estradiol0.050N06AB03Fluoxetine0.050C09AA05Ramipril0.05100C09BX01Perindopril, amlodipine and indapamide0.050C07BB02Metoprolol and thiazides0.050N03AF02Oxcarbazepine0.050G03BA03Testosterone0.050C07AA07Sotalol0.05100G02BB01Vaginal ring with progestogen and estrogen0.050
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Table 4Acute migraine prescription frequency on the G43\* population, the list includes acute medication from both acute and prophylactic groups (*N* = 8244)ATCMedicationGroupNProportion of patients (%)N02CC01SumatriptanSelective serotonin (5HT1) agonists396248.06%M01AE02NaproxenAntiinflammatory and antirheumatic products169820.60%N02CC07FrovatriptanSelective serotonin (5HT1) agonists122714.88%N02CC04RitsatriptanSelective serotonin (5HT1) agonists98912.00%M01AE01IbuprofenAntiinflammatory and antirheumatic products88910.78%N02CC03ZolmitriptanSelective serotonin (5HT1) agonists7639.26%N02CC06EletriptanSelective serotonin (5HT1) agonists6738.16%A03FA01MetoclopramidePropulsives6648.05%N02CC05AlmotriptanSelective serotonin (5HT1) agonists5666.87%M01AG02Tolfenamic acidAntiinflammatory and antirheumatic products5306.43%N02BE01ParacetamolAntiinflammatory and antirheumatic products3914.74%M01AE03KetoprofenAntiinflammatory and antirheumatic products1922.33%N02AA59Codein combnationsOpioids1782.16%M01AB05DiclofenacAntiinflammatory and antirheumatic products1652.00%N02CC02NaratriptanAntiinflammatory and antirheumatic products1071.30%H02AB06PrednisoloneCorticosteroids for systemic use, plain951.15%M01AE17DexketoprofenAntiinflammatory and antirheumatic products700.85%N02AJ06Codeine and paracetamolOpioids610.74%H02AB04MethylprednisoloneCorticosteroids for systemic use, plain480.58%N02BA01Acetylsalicylic acidOther analgesics and antipyretics430.52%M01AB01IndometacinAntiinflammatory and antirheumatic products380.46%M03 BC51Orfenadrine combinationsMuscle relaxants, centrally acting agents380.46%M01AH05EtoricoxibAntiinflammatory and antirheumatic products260.32%M03BX02TizanidineMuscle relaxants, centrally acting agents240.29%M01AG01Mefenamic acidAntiinflammatory and antirheumatic products210.25%A04AA01OndansetronSerotonin (5HT3) antagonists160.19%H02AB07PrednisoneCorticosteroids for systemic use, plain140.17%N02AX02TramadolOpioids140.17%H02AB02DexametasoneCorticosteroids for systemic use, plain130.16%M01AE52Naproxen and EsomeprazoleAntiinflammatory and antirheumatic products120.15%A03DA02Pitofenone and AnalgesicsSynthetic anticholinergic agents in combination with analgesics80.10%M01 AC06MeloksicamAntiinflammatory and antirheumatic products50.06%M03 BC01OrfenadrineMuscle relaxants, centrally acting agents50.06%N02AJ08Codein and ibuprofenOpioids in combination with non-opioid analgesics40.05%M01AH01CelecoxibAntiinflammatory and antirheumatic products30.04%N02BE51Paracetamol combinationsAntiinflammatory and antirheumatic products30.04%M01AB08EtodolacAntiinflammatory and antirheumatic products10.01%M01AX01NabumetoneAntiinflammatory and antirheumatic products10.01%M03BX01BaclofenMuscle relaxants, centrally acting agents10.01%N02AX52Tramadol combinationsOpioids in combination10.01%N02BA51Acetylsalicylic acid, combinationsOther analgesics and antipyretics10.01%
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Table 5The frequency (%) of comorbidities in controls and patients of the primary cohortMajor depressive disorder, single episodeMajor depressive disorder, recurrentOther anxiety disordersReaction to severe stress, and adjustment disordersSleep disorders not due to a substance or known physiological conditionAcute sinusitisAcute upper respiratory infections of multiple and unspecified sitesAcute bronchitisOther and unspecified dorsopathies, not elsewhere classifiedDorsalgiaF32F33F41F43F51J01J06J20M53M54CohortControl7.12.57.99.98.825.252.217.914.331.4G43\* primary cohort13.04.814.117.417.438.071.726.028.646.8*p*-value\< 0.001\< 0.001\< 0.001\< 0.001\< 0.001\< 0.001\< 0.001\< 0.001\< 0.001\< 0.001Primary cohort subgroupsNo prescription12.45.013.517.516.736.271.725.627.146.3Acute prescriptions12.54.213.716.817.139.272.126.128.446.7Prophylactic prescription17.15.917.518.820.641.270.427.335.649.1*p*-value\< 0.0010.002\< 0.0010.091\< 0.001\< 0.0010.3190.242\< 0.0010.058Prophylactic treatment line012.44.613.617.216.937.571.825.827.646.5116.25.716.618.320.339.969.626.634.248.1218.05.718.921.020.144.972.829.940.152.7≥330.610.228.621.427.652.076.531.644.955.1*p*-value\< 0.0010.011\< 0.0010.138\< 0.001\< 0.0010.1550.182\< 0.0010.027Botulinum toxin prescriptionno12.94.814.017.417.437.971.726.028.646.8yes32.19.428.322.615.154.773.643.452.856.6*p*-value\< 0.0010.1120.0030.3120.6620.0120.7550.004\< 0.0010.152
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Table 6Overall visits per patient-year of the primary cohort stratified by quartilesVisits (overall)q1q2q3q4*p*-value\*Cut-off (visits per patient-year)\< 7.037.03--12.2212.23--19.79\> 19.79--Follow-up time, years (median)3.253.353.182.64\< 0.001N3990399239913991--Female (%)73.7%77.1%81.5%83.9%\< 0.001Age, years (mean)36.0639.0740.1440.75\< 0.001Acute prescription only, %34.1%34.5%38.2%38.8%\< 0.001No prescription, %58.6%54.0%48.6%41.9%Prophylactic prescription, %7.3%11.5%13.2%19.3%Botulinum toxin A, %0.1%0.1%0.3%0.9%\< 0.001Prophylactic treatment line 092.68%88.53%86.82%80.68%\< 0.00116.64%9.17%10.52%14.48%20.65%2.00%2.08%3.36%≥30.03%0.30%0.58%1.48%\**P*-value for test for all quartiles equal
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Table 7Overall sick leave days per patient-year of the primary cohort stratified by quartilesSick leave days (overall)q1q2q3q4*p*-value\*Cut-off (sick leave days per patient-year)\< 1.921.93--7.097.10--19.85\> 19.85--Follow-up time, years (median)2.843.283.303.06\< 0.001N3990399239913991--Female, (%)73.0%79.3%81.5%82.5%\< 0.001Age, years (mean)39.938.438.239.5\< 0.001Acute prescription only, %36.3%36.5%36.1%36.6%\< 0.001No prescription, %53.1%51.6%50.8%47.7%Prophylactic prescription, %10.7%11.9%13.1%15.7%Botulinum toxin A, %0.2%0.1%0.3%0.7%\< 0.001Prophylactic treatment line 089.3%88.1%86.9%84.3%\< 0.00119.1%9.6%10.2%11.9%21.3%2.0%2.0%2.8%≥30.3%0.3%0.8%1.0%\**P*-value for test for all quartiles equal

CM

:   Chronic migraine

EM

:   Episodic migraine

EMR

:   Electronic medical records

HCRU

:   Health care resource utilization
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